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*Present new data base of gridded
global emissions: 1850-2000

*Review observed O, trends at
northern mid-latitudes

*Compare modeled with observed O,
trends
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Historical (1850-2000) gridded anthropogenic and biomass burning
emissions of reactive gases and aerosols: methodology and
application
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Historical (1850-2000) gridded anthropogenic and biomass burning
emissions of reactive gases and aerosols: methodology and
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Ziemke et al. (2006), J. Geophys. Res., 111,
D19303, doi:10.1029/2006JD007089

Transported “background” O,
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Anthropogenic emissions are centered at northern mid-latitudes.

Hemisphere-wide enhancement of O, affects all NH continents.




Ziemke et al. (2006), J. Geophys. Res., 111,
D19303, doi:10.1029/2006JD007089
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Characterize concentrations and temporal trends at coastal
inflow sites — take advantage of source-poor upwind fetch.

Longitude 3

Anthropogenic emissions are centered at northern mid-latitudes.

Hemisphere-wide enhancement of O, affects all NH continents.




MBL Background O, 50'\INI' Itl ————
Winter

O, trend consistent

across all (limited) data a0l

sets, and statistically

highly significant:
Winter

O; (ppbv)

0.43 + 0.17 ppbviyr 30k ]
Spring i I
0.46 + 0.13 ppbv/yr

;? £ Redwood NP
:;if Trinidag|Head

T

43
42

= —————— e

Data selected for high |Spring : R
onshore winds. - . .

-39

Correlations with 40
continental tracers _
(Rn, MTBE, CO,)
indicate effective
isolation of marine air.

-38

-37

O; (ppbv)

X —y— Olympic NP

30 —O— Redwood NP

i —A— Trinidad Head | |
X Pt. Arena 35

Parrish, Millet and Goldstein, . —&— Point Reyes NS| |

Atmos. Chem. Phys., 9, 20 b b “"West Coast MBL"site
1303-1323, 2009 1380 1990 2000 2010 [ 2w 123 122 121 120 = 119 D118

AAAAAAAAAAAAAAA

36

L

x




50 —————
\Winter ]

MBL Background O,

O, trend consistent
across all (limited) data a0l ]
sets, and statistically
highly significant:
Winter i |
0.43 £ 0.17 ppbv/yr 301 .
Spring i I
0.46 + 0.13 ppbv/yr

O; (ppbv)

Similar O5 trends at 20_: ——
Mac_e Head, Ireland! 'ISpring
Winter
0.41 £ 0.12 ppbv/yr :
Spring 40
0.55 + 0.20 ppbv/yr i
¥ Pt. Arena

Data selected for
marine air
—@— Point Reyes NS| [

Parrish, Millet and Goldstein, - — 1 Mace Head — s
“I"West Coast MBI site

Atmos. Chem. Phys., 9, 20 +——— L
1303-1323, 2009 1980 1990 2000 2010 AW 123 122 121 120 s 119 D118

O; (ppbv)

30_ XL & |—0— Redwood NP
—A— Trinidad Head

T




T
—A— Trinidad Head | |Summer
O, trend consistent —@— Point Reyes NS ]
across all (limited) data im=aliCERREED i
sets, and statistically =
highly significant: §
Winter - |
0.43 +0.17 ppbviyr RN .
Spring | W y
0.46 + 0.13 ppbv/yr ¢ %_Redwood NP
Similar O, trends at 20 P L |, du—Trinidad Head
| ' B RS ‘
M\a;\c/:i(ra]tlélread, Ireland! :Autumn :  § 10
0.41 + 0.12 ppbv/yr ! [
Spring __A0r N .
0.55 £ 0.20 ppbv/yr é | 38
o .
Similar trend in all 5 &
seasons - some 301 y - \
differences in autumn : _ : N
Parrish, Millet and Goldstein, : Derwent et a"]’ These trends are not
051328 2006 LR rTT T aTe) limited fothe IMBE S




Transported background O, increasing in free
troposphere in marine air approaching North America

Selected for low North American influence
1984-2008: P
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463, 1303-1323, 2009




European Regional Sites

Similar O, trends over NA and

Europe through lower troposphere.

Extremely high statistical confidence:
all trends positive at > 7 o

What about earlier?

Arkona-Zingst: Andreas Volz-Thomas
Hohenpeisenberg: Stefan Gilge
Zugspitze: Hans-Eckhart Scheel

12 month running means
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conditions, except Mace Head and Pacific MBL.




European Regional Sites

Similar O, trends over NA and
Europe through lower troposphere.

Extremely high statistical confidence:
all trends positive at> 7 o

Semi-quantitatively the upward trend
seems to have begun early in the
last century.

Limited Asian data sets indicate
similar or stronger trends.

Arkona-Zingst: Andreas Volz-Thomas
Hohenpeisenberg: Stefan Gilge
Zugspitze: Hans-Eckhart Scheel

12 month running means
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Volz, A., and D. Kley (1988), Evaluation of the
Montsouris series of ozone measurements made
in the nineteenth century, Nature, 332, 240-242.




European Regional Sites

Similar O, trends over NA and
Europe through lower troposphere.

Jungfraujoch

Extremely high statistical confidence:
all trends positive at> 7 o

Semi-quantitatively the upward trend
seems to have begun early in the
last century.

Limited Asian data sets indicate B

similar or stronger trends. v Spring
—O— Summer .
: . —{1— Autumn (Curves give
- 30 . s
Since the mid-1990s, trend has w Winter quadratic fits)

decreased in the center of the
European continent. .
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Trend has decreased in all seasons,

Jungfraujoch: Cui Junbo




European Regional Sites

Similar O, trends over NA and
Europe through lower troposphere.

70 | |

Zugspitze

Extremely high statistical confidence:
all trends positive at> 7 o

Semi-quantitatively the upward trend
seems to have begun early in the
last century.

Limited Asian data sets indicate -
similar or stronger trends.
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Trend has decreased in all seasons
with some regional differences.

Zugspitze: Hans-Eckhart Scheel
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Transported background O, ™

Average O, trend (ppbv/yr)
(1960-2000)
Season Meas. Model
Spring 0.44 +0.10
Summer 0.39 +0.13
Autumn 0.16 +0.07
Winter 0.24 +0.08

J.-F. Lamarque et al., Atmos. Chem.
Phys. Discuss., 10, 4963-5019, 2010
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Transported background O, ™

Average O, trend (ppbv/yr)
(1960-2000)
Season Meas. Model
Spring 0.44 +0.10 0.16 +0.04
Summer 0.39 +0.13
Autumn 0.16 +0.07
Winter 0.24 +0.08

J.-F. Lamarque et al., Atmos. Chem.
Phys. Discuss., 10, 4963-5019, 2010
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Transported background O, ™

Average O, trend (ppbv/yr)
(1960-2000)
Season Meas. Model
Spring 0.44 +0.10 0.16 +0.04
Summer 0.39 +0.13 0.19 +0.04
Autumn 0.16 +0.07
Winter 0.24 +0.08

O; (ppbv)

J.-F. Lamarque et al., Atmos. Chem.
Phys. Discuss., 10, 4963-5019, 2010
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Transported background O, ™

Average O, trend (ppbv/yr)
(1960-2000)
Season Meas. Model
Spring 0.44 +0.10 0.16 +0.04
Summer 0.39 +0.13 0.19 +0.04
Autumn 0.16 +0.07 0.13 +0.04
Winter 0.24 +0.08

O; (ppbv)

J.-F. Lamarque et al., Atmos. Chem.
Phys. Discuss., 10, 4963-5019, 2010
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Transported background O, ™

Average O, trend (ppbv/yr)
(1960-2000)
Season Meas. Model
Spring 0.44+0.10 0.16 +0.04
Summer 0.39 +0.13 0.19 +0.04
Autumn 0.16 £0.07 0.13 +0.04
Winter 0.24 +0.08 0.09 = 0.06

J.-F. Lamarque et al., Atmos. Chem.
Phys. Discuss., 10, 4963-5019, 2010

Models reproduce modern O, levels, but

underestimate trends at northern mid-
latitudes.
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Transported background O,

| [ X Mace Head 1987-2009 Measured trends:
i | | | ¥ Arkona-Zingst 1956-2007 i -
| | | I Hohenpeissenberg 1971-2000 a” avallable data
1.0 — | | A Zugspitze 1978-2000 -
LT P> Jungfraujoch 1934-38, 1990-2000
i - | | O Arosa 1930-34, 1950-58, 1989-91| |
— | - —
~ I | | | |
< 0 | | | | -
2 1 ! A | AL
Z | AT = | |
2 0.5 | | | | —
5 Richdig L I e ]
O A
()] — | . | I LI! —
o
s I J:" | Q | | 1
2 | a | L
B | = | | .
0.0 | | I |
| | O Pacific MBL 1985- 2007 | | i
A Lassen NP 1988-2009 ! |
- | P4 North America FT 1984-2008 | I .
| | | |

Spring Summer Autumn Winter



Transported background O,
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Transported background O,

Modeled trends:
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¢ Background O; has increased at a similar rate throughout the

northern mid-latitude lower troposphere for decades, at least
until near 2000.

* Even our best estimate of gridded global emissions when
included in a modern global climate model cannot reproduce
that trend.

« Our understanding of the tropospheric ozone budget is
incomplete.
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« Background O; has increased at a similar rate throughout the
northern mid-latitude lower troposphere for decades, at least
until near 2000.

* Even our best estimate of gridded global emissions when
included in a modern global climate model cannot reproduce
that trend.

» QOur understanding of the tropospheric ozone budget is
incomplete.

« Cause? Very difficult to see how to force emissions to
reproduce the trend
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